Objectives: Toxin-related ALI (Acute lung injury) and/or ARDS (Acute respiratory distress syndrome) is challenging to critical care physicians. This study aimed at evaluation of clinical scores, pentraxin-3 (PTX3) and C-reactive protein (CRP) as predictors of severity and outcome in toxinrelated ALI/ARDS in 50 acutely intoxicated patients. Material and Method: Laboratory variables were assessed on day1, day 2, day3 and endpoint. Clinical data were employed in the calculation of APACHE II score, Lung Injury score (LIS), Sequential Organ Failure Assessment (SOFA) score. Results: Several variables were associated with poor outcome in the poisoned ARDS patients like prolonged ICU stay, prolonged duration of mechanical ventilation, low PO2/FiO2 and SO2/FiO2 ratios, high APACHE II, SOFA and lung injury scores on the 1 st day, elevated plasma PTX3 levels on the 1 st day, and elevated serum CRP levels after 24 hours of admission. APACHE II score surpassed other scores as an excellent predictor of outcome within the 1 st 24 hours of admission. PTX3 represented an early marker of severity, and its levels correlated with parameters of lung injury, systemic organ failure and outcome. Conclusion: Early combination of plasma PTX3 and predictive scores could help in identifying patients at risk of severe fatal toxinrelated ARDS.
INTRODUCTION
Acute lung injury with or without progression to ARDS is a common occurrence from poisoning. Toxinrelated ALI/ARDS is a clinical syndrome which might be caused by direct damage to the respiratory cells at the alveolar level or indirectly through inflammation mediators due to xenobiotics exposure leading to widespread lung inflammation with impaired gas exchange (Stolbach &Hoffman, 2015). Information on toxic ARDS is limited and estimates of incidence and mortality rates deduced from case reports, observational studies and (inter)national registries, are likely to represent only a minute fraction of the true incidence. As with most druginduced diseases, due to pathological non-specificity or physician unawareness, diagnosis is often difficult and is mostly based on exclusion of all other possible causes (Raissy and Harkins, 2014; De Lange,2015) .
Despite high current overall hospital mortality of ARDS which approximates 40-50%, a little has been published concerning toxin-related ALI/ARDS. This warrants the attention to the risk factors and prognostic criteria of ALI/ARDS in acutely intoxicated patients (Fanelli et al., 2013).
Owing to limited health care resources and increased cost of health management, predicting and early diagnosis of ALI/ARDS is considered crucial. However, clinical skills per se are usually insufficient in early stages of the disease. On the other hand, monitoring of appropriately selected laboratory biomarkers is minimally invasive and avoids the possibility of interobserver variability (Ware et al., 2000) .
Pentraxin 3 (PTX3) and C-reactive protein (CRP) are acute-phase proteins, acting as inflammatory mediators in response to pro-inflammatory signals (Bottazzi et al., 2009). High serum PTX3 and CRP levels have been associated with increasing mortality in ARDS in critically ill patients. In addition, they have been shown to serve as early biomarkers in acute lung injury (Cypel et al., 2010 and Huttunen et al., 2011).
AIM OF THE WORK
This study aims at: assessment of toxinrelated ALI/ARDS in patients admitted to the ICU of the Poison Control Center of Ain Shams University hospitals (PCC), during the period starting from January 2013 and ending in December 2015, with evaluation of clinical scores, pentraxin-3 (PTX3) and C-reactive protein (CRP) as predictors of severity and outcome in toxin-related ALI/ARDS.
MATERIAL & METHOD
The present study was planned as a cross-sectional hospital-based observational study.
 Study group: Fifty acutely intoxicated patients, of both sex, were enrolled in this study. All patients were admitted to the ICU of Poison Control Center of Ain Shams University hospitals (PCCA) and intubated with suspected acute lung injury (according to lung injury score) (Udobi et al., 2003) . Based on the possibility of alteration in lung parameters and/or in the levels of the measured biomarkers, exclusion criteria included: transfer from another ICU and/or intubation for a period longer than 24 hours, death within 24 hours of ALI diagnosis, ages under 18 years and above 65 years, pregnancy, history of respiratory, cardiovascular, renal, or hepatic disease, pulmonectomy or pulmonary resection within 1 month before endotracheal intubation, active malignancy, and immunosuppression of any cause.  Ethical Considerations: An informed consent was obtained from the patients' next of kin. The study was approved by the research ethics committee of Faculty of Medicine Ain Shams University.
 Clinical data: Age, sex, type of agent(s) responsible for intoxication, mode & route of poisoning, and delay time were recorded at enrollment. This is in addition to duration of admission in the ICU, total period of hospitalization and outcome (including complete recovery, recovery with any type of organ failure as identified in Table ( 2) or death).
 Examination of the patients was carried out at the time of presentation to the PCC and periodically for follow up according to the type and severity of poisoning.
 Investigations were performed according to specific requirements of each patient following the guidelines of the PCC protocols. General laboratory investigations (done routinely in the ICU) included random blood sugar, serum sodium and potassium, serum urea and creatinine, serum ALT and AST, serum bilirubin, complete blood picture, and arterial blood gases. Specific toxicological investigations were performed according to type of toxic agent e.g. pseudocholinestrase enzyme levels in cases of organophosphorus intoxication. Serum biomarkers namely penteraxin-3 and CRP were measured.
 All clinical and laboratory variables were performed and recorded on 1 st 24 hours after endotracheal intubation, repeated after 24 hours from the initial assessment, 3 days later, and lastly at the time of patient's discharge, referral or death.
 Variables of different days of the study were employed in the calculation of three scores: Acute Physiology and Chronic Health Evaluation II (APACHE II) score (Knaus et al, 1981), Lung Injury score (LIS) (Murray et al., 1988) , Sequential Organ Failure Assessment (SOFA) score (Vincent et al., 1996) . APACHE II score was calculated during the 1 st 24 hours after admission using the worst measured values. Number of organ failure (whether respiratory, cardiovascular, hepatic, renal or hematological) according to Goris et al., (1985) , SOFA score and LIS were calculated at the time of each sample collection.
 Assessment of Pentraxin-3 (PTX3): Levels of PTX3 were measured in plasma by a sandwiched enzymelinked immunosorbent assay. The assay was only specific for human PTX3 and did not cross react with CRP with a sensitivity of 23 pg/ml and reference range of ≤ 2 ng/ml (Mauri et al., 2008) .
 Assessment of CRP: Levels of PTX3 were measured in serum by high sensitivity enzyme-linked immunosorbent assay with reference range of 68-8200 ng/ml (Liu et al., 2013).
RESULTS
LIS was used as a baseline measure to identify toxinrelated ALI/ARDS in patients enrolled in this study. By the end of the study, in relation to lung injury score, 13 patients (26%) completely recovered with no lung injury. ALI  Non-survivors: included 28 patients representing 56% of the total number of patients. Table (1) shows demographic data, intoxication data, period of hospital stay and treatment of all studied patients. The mean age value for all patients was 31.94 ± 10.28 years. Males were slightly more affected than females. Neither age nor sex showed any significant difference between survivors and non-survivors. The majority of patients (70%) did not give history of neither medical nor psychological co-morbidities while 14% had medical problems in the form of hypertension, previous stroke and peptic ulcer. Psychiatric problems, mainly depression and psychosis, were present in 16% of all patients.
Suicidal intoxication represented the main mode of intoxication accounting for 48%, followed by addictive overdose (34%). Accidental mode did not exceed 18%.Ingestion was the commonest route of intoxication accounting for 78% followed by others. Organophosphates topped the list of toxic agents accounting for 44% of all cases and 57% of all deaths followed by tramadol representing 26% of all cases. No significant difference was observed as regards type of toxic agents, route of intoxication and delay time before arrival to hospital between survivors and non-survivors.
The total period of stay in the PCC was not significantly different among survivors and non-survivors. However; there was a significant difference in the duration of admission in the ICU and the duration of mechanical ventilation between both groups. Steroids and muscle relaxants were included in the treatment protocols of 52% and 12% of patients respectively with no difference observed of either modalities regarding the percentage of death among the studied individuals.
Assessment of number and types of organ failure on different days revealed predominance of respiratory failure throughout the whole period of stay, either alone or combined with other organ failure. In addition, significant increase in percentage of death was found with increasing number of organ failure on 2 nd , 5 th day and finally.
On the 1 st and 2 nd days of the study, isolated respiratory failure was observed in 54-58% of the studied patients while its combination with cardiovascular, hepatic or renal dysfunction was found in 22-24% of patients. On the 5 th day, 30% of the patients suffered from respiratory failure only and 30% did not show any organ affection. By the end of the study, multi-organ failure was obvious in 44% of the patients. No organ failure was documented in 38% of patients while 18% had isolated respiratory failure (Table 2 ).
In the current study, a positive correlation was found between PaO2/FiO2 and SpO2/FiO2 ratios among Egypt J. Forensic Sci. Appli. Toxicol Vol 17 (2 December 2017 survivors and non survivors on all days and at the end of the study (Table 3) . No significance was observed between survivors and non survivors regarding PO2/FiO2 and SpO2/FiO2 ratios on the 1st day, however significance was obvious on other days (Table 4 ).
All mean values of APACHE II score, its estimated or predicted death rate, SOFA score and LIS were significantly higher among non-survivors compared to survivors (Table 5 ). On the 1st day, APACHE II score was the most sensitive and specific compared to SOFA score and LIS. SOFA score was more sensitive, but less specific than LIS on the 2 nd day. By the end of the study, both scores were 100% sensitive and specific ( Table 6 ).
All mean values of PTX3 were significantly higher among non survivors compared to survivors with a peak on day (1). Though its levels dropped on day (2) and day (5), they did not return to the normal values. In contrast, CRP levels started to increase on the 2nd day and continued on the 5th day being significantly much higher among non survivors than survivors.PTX3 was more sensitive and specific compared to CRP when measured on different days. However, CRP was 100% sensitive and specific later. An inverse correlation was found between PTX3 and CRP on all days among both survivors and nonsurvivors ( fig. 1 & 2, table 7) . A significant negative correlation between PTX and APACHE score was shown on 1st day among non-survivors. A significant negative correlation was found between PTX and number of organ failure on the 1st day among survivors. A significant positive correlation was observed between PTX and PaO2/FiO2 ratio on the 5th day among non-survivors, while an inverse significant correlation was noted between PTX and SpO2/FiO2 on the 5th day among survivors (table 8) 
DISCUSSION
This study was concerned with assessment of severity of various toxinrelated ALI/ARDS in patients, investigating the value of clinical scores, PTX3 and CRP in prediction and monitoring severity and outcome in ALI/ARDS.
The current study suggests that the type of toxic agents, route of intoxication, and delay time before hospitalization have no significant effect on survival. This may be explained by the ability of lung-damaging toxicants to exert their toxic whether directly by inhalation or indirectly through circulation (De Lange, 2015). Moreover, toxin-related ARDS represents a common pathway of diverse events with no single unifying mechanism existing for all of the xenobiotics implicated , 2015) . Yet, those benefits may be counterbalanced by the delayed onset of adverse effects, such as immunosuppression and altered tissue repair especially alveolar (De Lange, 2015). Moreover, diverse responses to corticosteroid treatment could be related to the heterogeneity of activated biochemical and molecular mechanisms in response to different initial insults (Dos Santos, 2008).
Comparable diversity was also documented in the current study regarding the individual response to neuromuscular blockade. It has been suggested that neuromuscular blockade can benefit ARDS patients by eliminating asynchrony and decreasing ventilator-induced lung injury (Hraiech  et al., 2014 and Alhazzani et al., 2013) . On the other hand, the use of muscle relaxants mostly necessitates concurrent use of sedatives at higher doses, which might interfere with successful weaning trials leading to prolonged duration of mechanical ventilation, ICU length of stay, and increase in mortality (Papazian et al., 2010).
ICU and hospital mortality continues to be the most critical outcome in ARDS clinical studies (Villar and Slutsky, 2017). The overall percentage of death among studied patients was 56% which was high compared to larger cohort studies (34.9%-50.4%) (Bellani et al,  2016) . The dose of the involved toxins, the individual variations in response to different types of toxins, complications associating the poisoning itself, the duration of the study, period of treatment delay, treatment facilities, and the patients' response to different treatment modalities may provide possible explanations for differences in outcomes among the currently studied patients.
The recorded data in this study suggested that the cause of mortality in toxin-related ALI/ARDS involved not only respiratory failure but also nonpulmonary organ dysfunction. Previous studies provided evidence which Egypt J. Forensic Sci. Appli. Toxicol Vol 17 (2 December 2017 attributed the unacceptably high mortality rates in ARDS to multiple organ failure (MOF) rather than severe hypoxemia and respiratory failure (Villar and Slutsky, 2010) .
The unequivocal evidence that mechanical ventilation, the mainstay of ARDS treatment, could itself cause and aggravate lung damage in addition to increased incidence of ventilatoracquired pneumonia (VAP) , can explain the association of mortality with prolonged ICU stay and mechanical ventilation in the current study The contribution of organ failure in mortality and the association of mortality with prolonged ICU stay and mechanical ventilation in the current study bring to mind the cause-effect relation between ventilator-induced lung injury and MOF investigated in numerous clinical and experimental studies. A set of biological processes defined as bio-trauma was postulated: The cyclic over-distension, induced by excessive delivered transpulmonary pressure, may trigger a biological response involving the release of inflammatory mediators that can aggravate lung injury. Moreover, by increasing alveolar-vascular permeability, mechanical ventilation could contribute to decompartmentalization of the inflammatory cascade primarily initiated in the lungs, leading to systemic organ dysfunction affecting mortality Circulatory failure is a frequent complication in ARDS and is independently associated with death (Vieillard-Baron et al, 2010 ). Our study was no different as cardiovascular affection accounting for 57% of mortalities, followed by renal and hepatic dysfunction, with a single case of hematological affection in the form of thrombocytopenia. Circulatory failure can be either related to the frequently associated septic shock or ARDS-related right ventricular failure. Pulmonary vascular dysfunction inherent to the disease, ill-adapted ventilatory strategies, and septic cardiomyopathy contribute to the occurrence of right ventricular dysfunction/failure leading to further organ dysfunction and poor outcome (Price et al, 2012; Paternot et al, 2016) .
As suggested by a met analysis by Van den Akker et al (2013), both ARDS and mechanical ventilation were associated with a 3-fold increase in the risk of acute kidney injury, with dramatical increase in mortality. In comparison to the current study, some authors reported even higher incidence of renal affection in ARDS patients pressure ventilation further decreases glomerular perfusion, GFR values, urine output, and sodium excretion Additionally, hypoxemia and hypercapnia were also shown to modify renal vascular resistances and to increase diuresis (Darmon et al ,2014) . In the current study, the occurrence of thrombocytopenia as a consequence of ARDS was not unexpected. This could be justified by the role of lungs as reservoirs for megakaryocytes, the requisite precursor cell in thrombopoiesis and a suggested site of platelet biogenesis (Weyrich and Zimmerman,  2013) .
In the absence of a direct reliable marker of lung injury, gas exchange is commonly used as an indicator of lung function in critically ill patients. For many years, physicians have relied on PaO2/FIO2 ratio as a central element to define ARDS and characterize its severity. In addition, it is utilized to track change in lung conditions, to set PEEP, to assess the response to different ventilatory strategies and/or to make decision regarding the need for advanced supportive treatment modalities (Broccard , 2013 ; Villar et al, 2013) . Despite having the merit of simplicity and availability, the reality at the bedside is more complex than acknowledged. On the 1st day of the present study, hypoxemic indices did not show statistically significant difference between survivors and non survivors though higher mean values were observed among survivors. However, a significant difference between both groups became obvious on the following days.
This can be viewed according to Villar et al. (2015) who concluded that, the stratification of patients with ARDS based on the initial value of PaO2/FiO2 ratio at the time of ARDS diagnosis, or based on the non-standardized value of PaO2/FiO2, is not useful for assessing severity of lung injury. The risk of misinterpretation of the PaO2/FIO2 was also highlighted by Broccard (2013) based on the fact that the calculated PaO2/FiO2 can be easily manipulated by changing FiO2, Vt and PEEP or change for reasons that are completely independent of the lungs (e.g. a change in CO and mixed venous O2).
The improved correlation between hypoxemic indices and mortality beyond 24 hours supports the two-step approach for assessment of ARDS suggested by risk for adverse clinical outcomes independent of the underlying disease or specific therapy applied.
In the current study, a positive significant correlation was found between PaO2/FiO2 and SpO2/FiO2 ratios among survivors and non survivors on day (5). Based on similarly recorded correlations, the use of SpO2/FiO2 ratio was recommended as a reliable noninvasive surrogate for PaO2/FiO2 ratio in the diagnosis and follow up of ALI and ARDS patients with the advantage of replacing invasive arterial blood sampling (ABG) by non-invasive pulse oximetry ( Several ICU scoring systems were designed to help defining critically ill patients, estimating their prognosis, clinical decision making, guiding the allocation of resources, comparing quality-of-care and patient stratification for clinical trials (Vincent and Moreno, 2010). Regarding ARDS, most of the available scores are comparable in terms of outcome prediction and seem complementary to each other (Raghavendran and Napolitano, 2011).
An initially high APACHE II score was observed in the current study reflecting the degree of severity at the time of admission in the ICU. This finding is reasonable owing to the ICU admission policy which is restricted to critically ill, unstable patients and those in need of intensive management and continuous monitoring.
The present study showed the superior discriminating power of APACHE II score over SOFA score and LIS in the initial stratification of patients of toxin-related ALI/ARDS according to severity in relation to mortality. An APACHE II score exceeding 21 was found to be sensitive and specific predictor for mortality. Similarly, the APACHE II severity score has shown a good calibration and discriminatory value across a range of disease processes, and remains the most commonly used international severity scoring system worldwide (Sekulic et  al.,2015) .
The observed lower sensitivity and specificity of LIS on the 1st day of the study, compared to APACHE II score could be attributed to its components focusing only on respiratory variables while MOF remains a predominant cause of hospital mortality in the cases enrolled in the study. However, LIS also showed a statistically significant difference between survivors and non survivors on the following days. This finding is important, as LIS may be more suited to discriminate pulmonary-specific outcome and can be linked to the predominance of respiratory failure in all non survivors despite the presence of other organ affection. These findings are consistent with the identification of LIS as an independent predictor of developing ARDS after one day of standardized ventilator management by failure, as the most influential predictors of mortality in ARDS rather than the individual severity scoring systems. These limitations can be taken into consideration in the interpretation of results in later days of the study, as both SOFA score and LIS showed oscillating sensitivity and specificity which may reflect the clinical instability of the studied patients where clinical deterioration might follow an initial deceptive improvement.
Regarding SOFA score, a statistically significant difference between survivors and non survivors was noted on all days, owing to the increased incidence of multi-organ dysfunction among non survivors though it also showed a relatively lower sensitivity and specificity compared to APACHE II score in predicting mortality.
At the end of the present study, SOFA score and LIS became 100% sensitive and specific at cut off value of 5.5 and 1.38 respectively with excellent AUC values (1.0). From this perspective, both SOFA score and LIS van be considered as late predictors of mortality. This is to be compared to the early highly sensitive and specific APACHE II score which was similarly confirmed by Ho (2007) and Kao HC et al., (2013) .
The present study demonstrated significantly elevated PTX and CRP in toxin-related ARDS patients with an inverse significant correlation on the 2nd day. This reflected their reciprocal course. PTX peaked on the first day and, although its levels dropped on day (2) and day (5), they did not return to the normal values. In contrast to the early increase in PTX3, CRP levels started to increase on the 2nd day with the peak on the 5th day of the present study.
PTX3 and CRP were significantly higher among non survivors compared to survivors. Out of recorded first day variables, PTX3 showed 100% sensitivity and specificity with a cut off value of 5.5 ng/ml and AUC of 1.0, announcing itself as a promising early predictor of mortality in cases of toxininduced ARDS. Owing to its delayed peak, early measured CRP had less sensitivity and specificity in predicting mortality in the studied patients, in comparison to PTX3. Furthermore, while CRP reached a reliable sensitivity and specificity on the fifth day of the study, PTX3 proved its superiority in distinguishing survivors from non survivors with 100% accuracy on all recorded days.
In accordance to our findings, a number of authors have reported increased levels of PTX3 in ARDS, and its role a useful early predictor of survival These findings can be explained in light of studies addressing the role of PTX in ALI/ARDS. PTX3 is an acute phase protein and has been shown to plays a key role not only in innate immunity, but also as a tuner of inflammation. It recognizes different injurious noxae and secures greater neutrophil influx into the lung in addition to increased nitric oxide production and tissue factor expression. Moreover, it was suggested that persistent tissue damage, prolonged mechanical ventilation and severe infections cause In view of the diversity of pathophysiological background of toxinrelated ARDS, predicting outcome may be challenging. The current study suggest interesting correlations between PTX3 and clinical variables that describe both severity of lung impairment and systemic involvement. Among survivors, with the exception of the initial SOFA score, a positive correlation between PTX and all recorded scores was found on all days. The negative correlation observed with SOFA score can be justified by the precocious peak of PTX levels versus initial low SOFA scores. Regarding non survivors, PTX was inversely correlated with all scores on all days. These results demonstrate the close association of PTX levels with clinical outcome and severity of toxin-related ALI/ARDS. Moreover, this study provides a strong evidence that a combination of biomarkers and clinical predictors can provide higher prognostic index for mortality in toxin-related ARDS in comparison of either of them alone.
Similar results were obtained by Ahiskalioglu et al., (2015) where PTX3 were positively correlated with APACHE II score. On the other hand, a study carried out by Kao SJ et al., (2013) and Liu et al., (2014) on patients with community-acquired pneumonia and sepsis respectively revealed a positive correlation between PTX3 and APACHE II score, explaining this by the high specificity of PTX3 and APACHE II score not only in the diagnosis, but also in the clinical assessment of the severity of various infectious diseases.
CONCLUSION
Toxin-related ALI/ARDS is considered one of the devastating, fatal conditions with 56% mortality rate. Age and gender of the poisoned patients, type of toxic agents and serum CRP levels within the 1 st 24 hours of admission seem to have no effect on outcome in toxin-related ARDS. Several variables were associated with poor outcome including prolonged ICU stay, prolonged duration of mechanical ventilation, low PO2/FiO2 and SO2/FiO2 ratios, high APACHE II, SOFA and lung injury scores on the 1 st day, elevated plasma PTX3 levels on the 1 st day, and elevated serum CRP levels after 24 hours of admission. The novel biomarker PTX3 was impressively elevated in toxinrelated ALI/ARDS patients and correlated with parameters of lung injury, systemic organ failure and outcome, representing an early marker of severity. APACHE II score surpassed SOFA score and LIS as an excellent predictor of outcome within the 1 st 24 hours of admission. The early combination of plasma PTX3 and predictive scores could help in risk stratification and prediction of mortality in poisoned ARDS patients. 
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